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1. A decaying shock leaves behind an anisentropic gas flow, i.e., one 
in which the specific entropy, although remaining constant for a particular 
fluid particle, varies from particle to particle. An analytical treatment of 
rectilinear, unsteady, anisentropic gas flow was made by Martin [ 1, 21 by 
transforming the equations to a single equation of Monge-Ampere type. 
Among other results, it was established [2] that if R, , R, , RT are the rates of 
propagation of pressure, density and temperature, relative to the gas, then 
(Y - l)/RT = (Y/R,) - (l!R,), 
where y is the ratio of the two specific heats. This relation is also valid for 
unsteady, cylindrical and spherical-symmetric, anisentropic gas flow [3], and 
an analogous relation holds for steady, axially-symmetric, anisentropic gas 
flow [4]. 
We establish here two results about unsteady, anisentropic gas flow, which 
are valid not only for the rectilinear case, but also for cylindrical and spherical- 
symmetric gas flow. The main result is the expression we obtain for the ratio 
of R, to the local sound speed. 
2. The anisentropic flow of a perfect polytropic gas, devoid of 
viscosity and heat conductivity, and depending upon one space coordinate 
X, the distance measured from a fixed centre, and upon time t, is governed 
by the following equations [S]: 
pt + qJ, + P”z f (up+> == 0, 
&t + %J + P, = 0, 
St + us, = 0, 





where ?I is the gas speed, p the pressure, p the density, S and SO the specific 
entropy and the specific entropy at some reference state, C, the specific heat at 
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constant volume, and y the ratio of the two specific heats, assumed constant. 
The constant cr = 0, 1, or 2 for the plane, cylindrical or spherical symmetric 
case. In the above equations and in sequel, x and t in the suffix denote partial 
derivatives. 
3. The local sound speed C, with the help of (4) can be expressed as 
C = (ap/+), = yl~zpcv-l)~zv exp(S - S,/2yC,). (5) 
From (5) and (3), it follows that 
{P(Ct + cJIc(Pt + UP,)> = (Y - 1P. (6) 
Equation (1) is satisfied by introducing the function II, = I/(X, t), such that 
Then u = - (#&J = (dx/dt), , where (kc/&), denotes the slope of the 
curve ZJ = constant in the t, x-plane. In the u, C-plane, the slope of the map of 
I/ = constant, denoted by (dC/du), , is given by 
dC (4 du ti = {C, + (WW, Cd/h + (Wdt), 4 = ICt + UC,>/@, + 4 
which, with the help of (2) and (6), reduces to 
du t-1 dC * = (Y - 1) W/4, - GC, 
where (dx/dt), = - (p&J. From (3) and (4), with (l), we get 
and then it follows that 
WW, = - (P~/P,) = u + R, , R, = (YP/PJ iuz + (44>- (8) 
R, , so defined, represents the rate at which constant pressure is propagated 
relative to the gas. Now (7) and (8) yield 
WC) = (WW, 2 v = 2C/(r - 1). 
THEOREM. At any point in the t, x-plane, the ratio of the rate of propagation 
of pressure relative to the gas and the local sound speed is equal to the slope of the 
particle-path at the corresponding point in the speed-graph plane. 
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For the rectilinear case (cr = 0), Ludford and Martin [2] have established 
that R,R,, = C2, where R, = (d~/dt)~ - u, represents the rate of propaga- 
tion of constant u relative to the gas. This result with the above theorem yields, 
for (T := 0, 
COROLLARY. For rectilinear gas pow, the ratio of the local sound speed and 
R,, is equal to the slope of the particle-path in the speedgraph plane. 
4. From (I), (dx/dt), , the slope of isopycnic in the t, s-plane is 
given by 
From (8) and (9), we have (dx/dt), = (dx/dt), if R, = R, . We shall consider 
the two cases: (i) R, = R, # 0, (ii) R, = R, = 0. If R, = R, # 0, then 
(P&J) = y(p,/p), which gives p = Kpy, K - a constant, i.e., isentropic flow. 
Conversely, if the flow is isentropic then (dx/dt), == (dx/dt), . If R, = R, = 0, 
then the particle paths are isobars and isopycnics, and 
u, + (m/x) = 0. (10) 
The rectilinear case (u = 0) for such gas flow has been discussed by Weir [6] 
who sought the “lost solutions” in the transformation made by Martin [l]. 
Weir proved that for such flows p is a linear function of I/I, and the particle- 
paths are parabolas. If 0 # 0, then (10) gives 
24 = --f’(#P, (11) 
wheref’(t) = df(t)/dt, andf(t) is an arbitrary function of t. From (3), (11), 
it follows that S = S(X), where X =f(t) - (x”+l/o + 1). Since R, = R, = 0, 
it follows that p, + up, = pt + up, = 0, and therefore p = p(X), p =: p(X). 
Equations (1) and (2) then become 
(dddWf’(~) =- 0, (12) 
- ,o(( f”/x*“) + (u~‘~/x~~‘+~)} = (dp/dX). (13) 
Iff’(t) = 0 in (12), then u = 0; while (dp/dX) = 0 means p = C, (constant). 
Taking p = Cl , (13) can be satisfied only if 
F(x, t) = (f”/x2”) + (uf’2(~)/x3u+1) 
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can be expressed as a function of X only. This is possible if and only if 
J = a(F, X)/a@, t) = 0. 0 n simplifying J = 0, it follows that F = F(X), if 
and only if f’(t) = 0, which implies that u = 0. Thus there do not exist 
cylindrical or spherical-symmetric gas flow for which R, = R, = 0. 
THEOREM. For cylindrical and spherical-symmetric gas flow, isobars and 
isopycnic coincide if and only if the $0~ is isentropic. For the rectilinear case, 
isobars and isopycnics coincide if and only if either the jlow is isentropic or else 
particle-paths are isobars. 
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